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Cell polarity: Nailing Crumbs to the scaffold
P. Rashbass and H. Skaer
Recent studies suggest that the cytoplasmic tail of the
Crumbs protein establishes membrane territories in
polarised epithelial cells by stabilising a PDZ-domain
protein complex. The isolation of a human Crumbs
homologue required for normal vision revives questions
about the role of Crumbs in cell–cell interactions.
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Cells interact with the world around them through their
cell membrane, a specialised surface that is differentiated
into distinct subdomains. Epithelial cells, for instance,
have distinct apical and basolateral faces which are sepa-
rated by a third domain rich in intercellular junctions.
Even within these domains there are specialised regions
in which specific proteins are highly concentrated, so that,
for example, particular types of intercellular junction are
found in characteristic positions within the junction-rich
domain of intestinal cells. Similarly, presynaptic and
postsynaptic specialisations of neurons are distributed in
discrete zones of axonal and dendritic membranes, and
receptor complexes may be restricted to specific
microdomains — as, for example, in the apical membranes
of photoreceptor cells in both the fly and vertebrate retina.
Recent evidence indicates that the coherence of
membrane microdomains depends on the construction of
protein scaffolds, but the central question of how these
protein complexes are localised to distinct membrane
regions has remained elusive. The Drosophila cell-polarity
gene crumbs is thought to play a central role in establishing
apical–basal polarity in epithelial cells of the fruitfly [1].
Recent work on crumbs [2,3] has shed new light on the
question of how membrane domains are defined, but has
also raised new questions.
Proteins associate with each other via a multiplicity of
distinct molecular motifs [4]. As scaffold proteins frequently
contain a number of different motifs, multifaceted com-
plexes can be assembled. As a result, plaques of stabilised
transmembrane proteins can be linked to cytoplasmic ele-
ments, such as cytoskeletal proteins, to provide structural
integrity. For example, clusters of the transmembrane com-
ponent of zonula adherens junctions, E-cadherin, are sta-
bilised by a complex of catenins, which also bind through a
linker to the actin cytoskeleton [5]. Importantly, protein
scaffolds can also act to maximise the efficiency of signal
transduction by aligning receptors with their signalling cas-
cades. The light-sensitive proteins in the fly retina, for
example, are stabilised by InaD, a scaffold protein contain-
ing multiple ‘PDZ’ domains (named for the three founding
members of this family, PSD-95, Discs-large and ZO-1).
InaD forms complexes not only with the G-protein-linked
photoreceptor rhodopsin and light activated channels, but
with protein kinase C and phospholipase C, both of which
are involved in the G protein-mediated signalling cascade [6].
Although scaffolds stabilise protein complexes, they do not
determine their final position within the cell. Other factors
must distinguish the different membrane subdomains and
target transmembrane proteins to specific sites. Insight into
the question of how distinct membrane domains are
defined has come from studies of the cell-polarity class of
genes in Drosophila. The common phenotype of flies carry-
ing mutations in these genes is that the apical–basal polarity
of epithelial cells is lost, resulting in the disruption of
epithelial tissues and extensive cell death [7]. Four genes of
this type have been isolated: stardust, bazooka, crumbs and
discs lost, and of these, three have been characterised at the
molecular level. Crumbs is a single-pass transmembrane
protein, with a large extracellular domain, containing thirty
EGF-like repeats and four laminin AG domain-like repeats,
and a short, thirty-seven amino-acid cytoplasmic tail
(Figure 1). Bazooka and Discs lost are cytoplasmic proteins
that contain protein–protein interaction motifs, most
notably PDZ domains. No transmembrane binding partner
for Bazooka has yet been identified, but in vitro analysis has
shown that Discs lost binds to the cytoplasmic domain of
Crumbs via the first of its four PDZ domains [8].
Discs lost is present in early embryos, localised basally in
cells, but redistributes once crumbs is expressed, the two
Figure 1
Predicted domain organization of Drosophila and human Crumbs. (Not
to scale.)
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proteins colocalising at the apical membrane adjacent to
the zonula adherens. In crumbs mutant embryos, the early
basal localisation of Discs lost is not affected, but the later
apical redistribution fails to occur. Strikingly, in the
absence of Crumbs, the structure that delimits the apical
membrane — the zonula adherens — fails to develop and
Drosophila E-cadherin (DE-cadherin), along with other
zonula adherens components, is diffusely distributed [9].
A mutation that leads to production of a truncated form of
Crumbs lacking the cytoplasmic domain causes the same
phenotype, underlining the importance of Crumbs’
interactions with cytoplasmic proteins (Figure 2).
Correspondingly, the crumbs mutant phenotype can be
partially rescued by expression of either full-length wild-
type Crumbs or just the protein’s transmembrane and
cytoplasmic domains [1].
Overexpression of crumbs in a wild-type background also
disrupts epithelial integrity, resulting in a multilayered
epidermis (Figure 2). In the cells making up the
multilayered epidermis, endogenous Crumbs, Discs lost
and DE-cadherin fail to localise [2], and in most of them
the zonula adherens fails to form [9], a defect which
presumably underlies the loss of epithelial organisation
and development of multiple layers. Furthermore,
Fasciclin III, a basolateral marker protein, is no longer
restricted in its localization but becomes generally distrib-
uted over the surface of cells in the inner layers (Figure 2).
The overexpression of DE-cadherin also produces a
multilayered epidermis, but it does not cause mislocaliza-
tion of Discs lost , showing that DE-cadherin plays no role
in the distribution of Discs lost.
These observations suggest a model in which an apically
localised complex, consisting of Crumbs, Discs lost and
other, as yet unknown, proteins defines the localisation of
the zonula adherens, not by recruiting zonula adherens
components to the Crumbs domain, but by defining a
boundary. The zonula adherens forms immediately
adjacent to the Crumbs–Discs lost complex. The binding
of Crumbs to Discs lost is critical for this process: the
presence of unbound Discs lost in crumbs mutants, or of
excess Crumbs as a result of overexpression, disrupts the
localisation of DE-cadherin and the formation of the
zonula adherens. Thus the transition between the
Crumbs-positive and Crumbs-negative domain is the
defining feature of the boundary.
Klebes and Knust [2] have recently described two putative
Crumbs homologues of the nematode Caenorhabditis elegans.
By aligning the cytoplasmic domains of these proteins
with Drosophila Crumbs, they pinpointed two conserved
domains: the final carboxy-terminal residues EERLI, and
a more amino-terminal region, closer to the membrane,
that has a conserved tyrosine, Y10, and glutamic acid, E16.
They went on to show that Discs lost binds to the EERLI
motif. By expressing forms of the Crumbs cytoplasmic
domain into which they had introduced point mutations
and deletions, they found that the EERLI motif is suffi-
cient to induce a multilayered epidermis, and that it is
required to sequester Discs lost to the apical surface and
localise DE-cadherin in vivo. But it is the combination of
EERLI and the amino-terminal Y10/E16 region that is
required for rescue of the crumbs mutant phenotype, mea-
sured by the ability of epidermal cells to secrete a normal
cuticle. This confirms that Crumbs–Discs lost binding
underpins DE-cadherin localisation, zonula adherens for-
mation and the maintenance of epithelial integrity. But
the interaction of Crumbs with other proteins, through
more amino-terminal regions of the protein’s cytoplasmic
domain, seems to be required for the full expression of the
polarised cell phenotype.
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Figure 2
Epithelial phenotypes associated with
abnormal Crumbs activity. (a) The wild-type
phenotype. (b) The phenotype caused by a
crumbs mutation leading to absence of the
protein’s cytoplasmic domain. (c) The
phenotype caused when just the cytoplasmic
domain is overexpressed. In wild-type
epithelial cells, zonula adherens (ZA)
junctions separate apical (green) and
basolateral membrane (red) territories. Zonula
adherens junctions fail to develop in the
mutant, and cell polarity is lost so that apical
and basolateral membrane markers overlap
(yellow) and cell death (black cell) ensues.
In the presence of excess cytoplasmic
domain, the zonula adherens junctions again
fail to form normally, and a multilayered tissue
develops, in which only cells at the surface
retain a remnant of cell polarity.
bb10f02.qxd  04/14/2000  12:41  Page R235
R236 Current Biology Vol 10 No 6
Recently, a human cDNA was identified that encodes a
protein containing a signal peptide, nineteen EGF-like
repeats in four clusters, three laminin AG-like repeats and
a C-type lectin domain [3]. But the cDNA product has
neither a transmembrane nor a cytoplasmic domain, sug-
gesting that it is an extracellular protein. The highest level
of sequence similarity is with the extracellular domain of
Drosophila Crumbs (Figure 1). One possibility is that the
human cDNA is a splice variant, and that an alternative
splice form encodes a protein with a cytoplasmic domain.
Strikingly, mutations in the open reading frame of the
corresponding gene were found in a high percentage
(67%) of patients with retinitis pigmentosa 12. 
Retinitis pigmentosa is a heterogenous group of diseases that
involve progressive degeneration of photoreceptors; they
manifest initially as night blindness, followed by a progres-
sive loss of vision. Retinitis pigmentosa 12 is a clinically dis-
tinct and relatively severe form of the disease, in which there
is widespread loss of the retinal pigment epithelium. Analy-
sis using the reverse transcriptase variety of the polymerase
chain reaction has shown that the human cDNA encoding a
Crumbs-like protein is expressed in the retina, but not in
the retinal pigment epithelium itself. These observations
reveal for the first time a function for the extracellular
domain of a Crumbs protein, and suggest that the human
gene may have a non-cell autonomous function. Intrigu-
ingly, early work on mosaic clones of Drosophila showed
that wild-type cells were able to rescue defects in neigh-
bouring crumbs mutant cells, indicating that the Drosophila
gene also has a non-cell autonomous function [10].
Most of the molecular defects underlying retinitis
pigmentosa can be subdivided into distinct functional
mechanisms, one of which is a defective visual transduction
pathway [11]. In Drosophila photoreceptors, the PDZ-con-
taining InaD protein acts as a multivalent adaptor, recruit-
ing components of the phototransduction machinery into a
macromolecular complex [6]. The observations that the
cytoplasmic tail of Drosophila Crumbs can directly bind to
PDZ domain proteins, and that a form of retinitis pigmen-
tosa may be caused by mutation of a human homologue of
Crumbs, raise the possibility that this protein plays a central
role in localising the phototransduction complex to the
apical membrane. It will be interesting to see whether
crumbs plays any role in Drosophila phototransduction.
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